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SYSTEM AND METHOD FOR
DYNAMICALLY REGULATING A STEP
DOWN POWER SUPPLY

TECHNICAL FIELD OF THE INVENTION

This 1nvention relates generally to the field of semicon-
ductor devices and more particularly to a system and method
for dynamically regulating a step down power supply.

BACKGROUND OF THE INVENTION

Modern ce¢lectronic equipment such as televisions,
telephones, radios and computers are generally constructed
of solid state devices. Integrated circuits are preferred in
clectronic equipment because they are extremely small and
relatively 1mmexpensive. Additionally, integrated circuits are
very reliable because they have no moving parts but are
based on the movement of charge carriers.

Integrated circuits may include transistors, capacitors,
resistors and other semiconductor devices. Typically, such
devices are fabricated on a substrate and interconnected to
form power supplies, memory arrays, logic structures, tim-
ers and other components of an integrated circuit. One type
of power supply 1s a step down power supply which 1is
operable to receive an 1nput voltage and step down the 1nput
voltage to a specified output voltage.

Conventional step down power supplies include high
gain, such as 60 to 80 dB, feedback compensation. High gain
feedback compensation generally provides good line regu-
lation and 1nitial accuracy for the step down power supply.
However, high gain feedback compensation typically uses
up to seven feedback components, including resistors and
capacitors. The capacitors may be too large for integration
into the step down power supply. Thus, typical step down
power supplies using high gain feedback compensation have
the feedback components external to the step down inte-
orated circuit. In addition, the transient response associated
with high gain feedback compensation 1s limited due to the
dominant pole 1n the feedback network.

Low gain, such as less than 40 dB, feedback compensa-
fion may be used to reduce the number of feedback
components, which may also allow mtegration into the step
down integrated circuit. Also, the transient response 1s not
limited by a pole for a typical low gain feedback compen-
sation. However, poor line regulation generally results from
low gain feedback compensation for a step down power
supply. Furthermore, typical step down power supplies with
low gain feedback compensation have 1nitial accuracy errors
and burden the designer with solving this problem by having
the customer select the resistor values to correct the errors.

SUMMARY OF THE INVENTION

In accordance with the present mvention, a system and
method for dynamically regulating a step down power
supply are provided that substantially eliminate or reduce
disadvantages and problems associated with previously
developed systems and methods. In a particular
embodiment, low gain feedback compensation 1s provided
in a step down power supply with 1nitial accuracy errors
minimized and with relatively good line regulation, which 1s
accomplished by introducing an offset voltage.

According to one embodiment of the present invention, a
low gain feedback compensation circuit 1s provided on an
integrated circuit. The feedback compensation circuit is
coupled to a step down power supply on the integrated
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circuit. The step down power supply 1s operable to receive
an 1nput voltage and to generate an output voltage based on
the i1nput voltage. The feedback compensation circuit
includes a line regulation circuit. The line regulation circuit
1s operable to receive the input voltage and a reference
voltage. The line regulation circuit 1s also operable to
generate an olfset voltage based on the mput voltage and the
reference voltage.

According to another embodiment of the present
invention, a method for dynamically regulating an output
voltage for a step down power supply 1s provided. The
method includes providing a reference voltage to an error
amplifier for a low gain feedback compensation circuit. The
feedback compensation circuit includes a line regulation
circuit. The reference voltage 1s received at the line regula-
tion circuit. A first mput voltage 1s received at the line
regulation circuit. A first offset voltage 1s provided to the
error amplifier based on the first input voltage and the
reference voltage. A second 1nput voltage 1s received at the
line regulation circuit. The second input voltage 1s different
from the first mput voltage. A second offset voltage 1is
provided to the error amplifier based on the second input
voltage and the reference voltage.

Technical advantages of one or more embodiments of the
present invention include providing an improved system for
dynamically regulating a step down power supply. In a
particular embodiment, a current source provides an oifset
voltage that 1s a function of the input voltage and the desired
output voltage. As a result, the line regulation 1s improved
and 1nitial accuracy errors are minimized.

Other technical advantages of one or more embodiments
of the present invention include integrating a feedback
compensation circuit that includes a line regulation circuit
into a step down integrated circuit. Accordingly, available
die area 1s increased. In addition, the number of components
and the output voltage error due to line voltage changes are
minimized.

Technical advantages of one or more embodiments of the
present 1invention also include providing a feedback com-
pensation circuit that has only resistors. As a result, capaci-
tors for the feedback compensation circuit do not need to be
integrated into the step down integrated circuit.

Other technical advantages will be readily apparent to one
skilled 1n the art from the following figures, descriptions and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mven-
fion and its advantages 1s now made to the following
description taken i1n conjunction with the accompanying
drawings, wheremn like numerals represent like parts, 1n
which:

FIG. 1 1s a block diagram 1illustrating a step down 1nte-
orated circuit 1n accordance with one embodiment of the
present 1nvention;

FIG. 2A 1s a schematic diagram 1llustrating the feedback
compensation circuit of FIG. 1 1n accordance with one
embodiment of the present invention;

FIG. 2B 15 a schematic diagram 1illustrating the feedback
compensation circuit of FIG. 1 1n accordance with an
alternative embodiment of the present invention;

FIG. 3 1s a graph 1llustrating a duty cycle for the pulse
width modulation comparator of FIGS. 2A or 2B 1n accor-
dance with one embodiment of the present mnvention;

FIG. 4A 15 a schematic diagram 1llustrating the feedback
compensation circuit and the line regulation circuit of FIG.
1 1n accordance with one embodiment of the present inven-
tion;
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FIG. 4B 1s a flow diagram illustrating a method for
configuring the line regulation circuit of FIG. 1 to dynami-
cally regulate the step down power supply of FIG. 1 1n
accordance with one embodiment of the present invention;

FIG. 4C 1s a flow diagram 1illustrating a method for
dynamically regulating the step down power supply of FIG.
1 1n accordance with one embodiment of the present mven-
tion; and

FIGS. 5A and B are a schematic diagram illustrating

details of the step down integrated circuit of FIG. 1 1n
accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 1s a block diagram 1illustrating a step down inte-
orated circuit 10 1 accordance with one embodiment of the
present 1nvention. The integrated circuit 10 may be used as
a power supply that 1s operable to provide a relatively
constant voltage to applications such as digital signal
processors, fleld-programmable gate arrays, application-
specific 1integrated circuits, microprocessors and other suit-
able applications.

The mtegrated circuit 10 comprises a step down power
supply 12 and a feedback compensation circuit 14 formed on
an 1ntegrated circuit. The step down power supply 12 1s
operable to step down an input voltage 18 to a lower output
voltage 20. For example, the step down power supply 12
may receive an mput voltage 18 of approximately 5.0 volts
and may generate an output voltage 20 of approximately 3.3
volts. It will be understood, however, that any suitable input
voltages 18 may be received and output voltages 20 may be
generated without departing from the scope of the present
invention.

The feedback compensation circuit 14 1s operable to
provide feedback from the output voltage 20 to the step
down power supply 12. In addition, the feedback compen-
sation circuit 14 comprises a line regulation circuit 22 that
1s operable to regulate the output voltage 20 based on the
input voltage 18.

The feedback compensation circuit 14 comprises a low
cgain feedback compensation circuit. As used herein, “low
cgain” means a gain of less than approximately 40 dB.
According to one embodiment, the characteristics of an
output filter (not shown in FIG. 1) that includes an inductor
and a capacitor may be used to stabilize the step down
integrated circuit 10.

In operation, the step down power supply 12 receives the
input voltage 18 and generates an output voltage 20 based on
the 1nput voltage 18. The level of the output voltage 20 may
be a function of a duty cycle for the step down power supply
12, which provides the input voltage 18 for a specified
period of time during each cycle and which provides a
oground voltage for the remainder of each cycle.

The feedback compensation circuit 14 receives both the
input voltage 18 and the output voltage 20. Based on the
input voltage 18, the line regulation circuit 22 determines an
oifset voltage to be applied 1n addition to a reference voltage
provided by the feedback compensation circuit 14. The line
regulation circuit 22 then generates the offset voltage within
the feedback compensation circuit 14 such that an error
voltage 24 provided to the step down power supply 12
results 1n the regulation of the output voltage 20 to the
appropriate level.

In this way, the line regulation circuit 22 may generate an
oifset voltage that dynamically changes based on the 1nput
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voltage 18, resulting 1n the minimization of initial accuracy
errors and line regulation errors. In addition, the feedback
compensation circuit 14 including the line regulation circuit
22 may be integrated with the step down power supply 12
onto the step down integrated circuit 10, providing increased
die area for other components.

FIG. 2A 15 a schematic diagram 1llustrating the feedback
compensation circuit 14 in accordance with one embodiment
of the present invention. The feedback compensation circuit
14 comprises an error amplifier 40, a reference voltage 44,
a plurality of resistors 50, and the line regulation circuit 22.
It will be understood that additional components, such as
capacitors, may be included in the feedback compensation
circuit 14.

In accordance with the 1llustrated embodiment, the line
regulation circuit 22 comprises a current source. It will be
understood, however, that the line regulation circuit 22 may
be otherwise suitably implemented without departing from
the scope of the present imvention.

The reference voltage 44 1s coupled to the non-inverting
node of the error amplifier 40. An input resistor 50a couples
the output voltage 20 to the inverting node of the error
amplifier 40. A feedback resistor S0b couples the output of
the error amplifier 40, which 1s the error voltage 24, to the
inverting node of the error amplifier 40. The line regulation
circuit 22 couples the input voltage 18 to the inverting node
of the error amplifier 40.

In the illustrated embodiment, the error voltage 24 1s
coupled to the non-inverting node of a pulse width modu-
lation (PWM) comparator 64, which is part of the step down
power supply 12. An oscillator 66, which 1s also part of the
step down power supply 12, 1s coupled to the inverting node
of the PWM comparator 64. Thus, the error voltage 24 and
the oscillator 66, in conjunction with a duty cycle for the
PWM comparator 64, determine the output for the PWM
comparator 64.

According to one embodiment, the oscillator 66 may have
an oscillator frequency of approximately 270 to 700 kHz. In
a particular embodiment, the oscillator frequency 1s approxi-
mately 350 kHz. In another particular embodiment, the
oscillator frequency 1s approximately 550 kHz. However, 1t
will be understood that the oscillator frequency may com-
prise any suitable frequency without departing from the
scope of the present invention.

In accordance with one embodiment of the present
invention, the feedback compensation circuit 14 illustrated
in FIG. 2A 1s operable to regulate a corresponding step down
power supply 12 that 1s generating an output voltage 20 of
less than approximately 1.8 volts. In a particular
embodiment, the 1llustrated feedback compensation circuit
14 1s operable to regulate a corresponding step down power
supply 12 that 1s generating an output voltage 20 of approxi-
mately 0.9, 1.2 or 1.5 volts.

The reference voltage 44 may be operable to provide to
the error amplifier 40 a reference voltage of approximately
the same voltage as the output voltage 20. In addition, the
resistors 530 may comprise a 2 k€2 mnput resistor S0a and a 40
k2 feedback resistor 50b. For this embodiment, the feed-
back compensation circuit 14 may comprise a gain of
approximately 26 dB. It will be understood, however, that
any suitable values may be used for the resistors 50 and any
suitable low gain may be provided by the feedback com-
pensation circuit 14 without departing from the scope of the
present 1nvention.

In operation, the line regulation circuit 22 receives the
input voltage 18. Based on the mput voltage 18, the line
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regulation circuit 22 provides an oifset voltage to the error
amplifier 40 by generating a specified current. Thus, if the
input voltage 18 subsequently changes, the line regulation
circuit 22 generates a different current, which provides a
different offset voltage to the error amplifier 40. The new
offset voltage allows the same output voltage 20 to be
generated by the step down power supply 12 regardless of a
change in the input voltage 18.

For the illustrated embodiment, only two resistors 50 and
no capacitors are included in the feedback compensation
circuit 14. In this way, the feedback compensation circuit 14
may be integrated onto the step down integrated circuit 10
relatively easily, while 1nitial accuracy errors and line regu-
lation errors are minimized by the offset voltage provided
through the line regulation circuit 22.

FIG. 2B 1s a schematic diagram illustrating the line
regulation circuit 14 1n accordance with an alternative
embodiment of the present invention. The line regulation
circuit 14 comprises an error amplifier 40, a reference
voltage 44, a plurality of resistors 50, and the line regulation
circuit 22. It will be understood that additional components,
such as capacitors, may be included 1 the feedback com-
pensation circuit 14.

In accordance with the illustrated embodiment, the line
regulation circuit 22 comprises a current source. It will be
understood, however, that the line regulation circuit 22 may
be otherwise suitably implemented without departing from
the scope of the present invention.

The reference voltage 44 1s coupled to the non-inverting,
node of the error amplifier 40. A first mput resistor 50c
couples the output voltage 20 to the mverting node of the
error amplifier 40. A feedback resistor 50d couples the
output of the error amplifier 40, which 1s the error voltage
24, to the mverting node of the error amplifier 40. A second
input resistor S0e couples ground 68 to the inverting node of
the error amplifier 40. The line regulation circuit 22 couples
the 1nput voltage 18 to the inverting node of the error
amplifier 40.

According to one embodiment, the ground 68 comprises
a potential of approximately 0.0 volts. However, 1t will be
understood that the ground 68 may comprise any suitable
potential that 1s less than potential of the mput voltage 18.

In the illustrated embodiment, the error voltage 24 1s
coupled to the non-inverting node of a PWM comparator 64,
which 1s part of the step down power supply 12. An
oscillator 66, which 1s also part of the step down power
supply 12, 1s coupled to the inverting node of the PWM
comparator 64. Thus, the error voltage 24 and the oscillator
66, in conjunction with a duty cycle for the PWM compara-
tor 64, determine the output for the PWM comparator 64.

According to one embodiment, the oscillator 66 may have
an oscillator frequency of approximately 270 to 700 kHz. In
a particular embodiment, the oscillator frequency 1s approxi-
mately 350 kHz. In another particular embodiment, the
oscillator frequency 1s approximately 550 kHz. However, it
will be understood that the oscillator frequency may com-
prise any suitable frequency without departing from the
scope of the present imnvention.

In accordance with one embodiment of the present
invention, the feedback compensation circuit 14 illustrated
in FIG. 2A 1s operable to regulate a corresponding step down
power supply 12 that 1s generating an output voltage 20 of
more than approximately 1.5 volts. In a particular
embodiment, the 1llustrated feedback compensation circuit
14 1s operable to regulate a corresponding step down power
supply 12 that 1s generating an output voltage 20 of approxi-
mately 1.8, 2.5 or 3.3 volts.
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The reference voltage 44 may be operable to provide to
the error amplifier 40 a reference voltage of approximately
50% of the output voltage 20. For this embodiment, the input
resistors S0c and 50¢ may comprise approximately the same
resistance. In one embodiment, the resistors 50 may com-
prise a 2 k€2 first mput resistor S0c, a 2 k€2 second input
resistor S0e, and a 40 k€2 feedback resistor 50d. For this
embodiment, the feedback compensation circuit 14 may
comprise a gain ol approximately 26 dB. It will be
understood, however, that any suitable values may be used
for the resistors 50 and any suitable low gain may be
provided by the feedback compensation circuit 14 without
departing from the scope of the present mvention.

In operation, the line regulation circuit 22 receives the
input voltage 18. Based on the mput voltage 18, the line
regulation circuit 22 provides an oifset voltage to the error
amplifier 40 by generating a specified current. Thus, if the
input voltage 18 subsequently changes, the line regulation
circuit 22 generates a different current, which provides a
different offset voltage to the error amplifier 40. The new
offset voltage allows the same output voltage 20 to be
generated by the step down power supply 12 regardless of a
change 1n the nput voltage 18.

For the 1llustrated embodiment, only three resistors 50
and no capacitors are 1included in the feedback compensation
circuit 14. In this way, the feedback compensation circuit 14
may be integrated onto the step down integrated circuit 10
relatively easily, while 1nitial accuracy errors and line regu-
lation errors are minimized by the offset voltage provided
through the line regulation circuit 22.

In an alternative embodiment, the reference voltage 44
may be varied based on the input voltage 18 instead of using
the line regulation circuit 22 to provide an offset voltage.

FIG. 3 1s a graph 70 1llustrating a duty cycle 72 for the
PWM comparator 64 in accordance with one embodiment of
the present invention. The graph 70 1llustrates voltage pro-
vided by the oscillator 66 to the PWM comparator 64 as a
function of time. The graph 70 also 1illustrates the error
voltage 24 provided by the feedback compensation circuit
14, as described 1n more detail above 1n connection with

FIGS. 1-2.

The voltage from the oscillator 66 varies cyclically from
a low voltage 74 to a high voltage 76. As shown 1 FIG. 3,
the PWM comparator 64 1s “on” until the voltage from the
oscillator 66 reaches the error voltage 24 and “off” until the
voltage from the oscillator 66 returns to the low voltage 74.
Each duty cycle 72 for the PWM comparator 64 1s made up
of an on time 82 and an off time 84. While the PWM

comparator 64 1s “on,” the PWM comparator 64 outputs the

a2

error voltage 24, and while the PWM comparator 64 1s “ofl,
the PWM comparator 64 outputs no signal.

The low voltage 74 and the high voltage 76 may be
determined based on the characteristics of the PWM com-
parator 64. According to one embodiment, the low voltage
74 1s approximately 0.75 volts and the high voltage 76 is
approximately 1.75 volts. In addition, the difference
between the low and high voltages 74 and 76 may be based
on the characteristics of the step down power supply 12.
According to one embodiment, the difference may be
approximately 0.5, 1.0 or 2.0 volts. It will be understood,
however, that the low and high voltages 74 and 76 and the
difference between them may be any suitable values without
departing from the scope of the present invention.

Based on the feedback compensation circuits 14 1llus-
trated 1n FIGS. 2A and 2B and based on the duty cycle 72

for the PWM comparator 64 illustrated in FIG. 3, the
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following equations for the step down integrated circuit 10
may be generated:

VeV A=Ver, (eqn. 1)
Ver=(Ve= V)" (L,/ T)+V, (eqn. 2)
V., =V,~V )*D+V, (eqn. 3)
Ver=(Ver V) " (Vou/ Vi H Ve (eqn. 4)
Vour A Voo VA A V-V )/ V] (eqn. 5),

where V, . 1s the reference voltage 44, V. 1s the output
voltage 20, A  1s the gain of the error amplifier 40, V___1s the
error voltage 24, V. 1s the high voltage 76 from the
oscillator 66, V, 1s the low voltage 74 from the oscillator 66,
T __ 1s the on time 82 for the PWM comparator 64, T 1s the
fime corresponding to one duty cycle 72 for the PWM
comparator 64 (or the on time 82 added to the off time 84 for
one duty cycle 72), D is the duty cycle 72 for the PWM
comparator 64, and V, 1s the mput voltage 18.

Thus, Equation 5 provides the output voltage error which
results from the low gain feedback on the error amplifier 40.
To determine an offset voltage to compensate for this output
voltage error, Equation 5 may be solved for V, . at the
desired mput voltage 18 and at the desired output voltage 20.
Then another equation may be generated from the ditfer-
ences 1n the actual reference voltage 44 and the reference
voltage which should be applied to the error amplifier 40 to
result 1in the appropriate output voltage 20, with the equation

1n the form of:

V,g=A*V, +B (eqn. 6)

Using the form of Equation 6, offset equations may be
solved for a plurality of output voltages 20 1n the form of the
following equations:

V,=A1 "V, +B, (eqn. 7)
V,=A,"V, +B, (eqn. 8)
The A coeflicients vary with respect to the output voltage

20 and may be represented by another lincar equation 1n the
following form:

A=C*V,, +D

il

(eqn. 9)

Thus, substituting Equation 9 into Equation 6 yields a
single equation that may be used to minimize the offset error
over a range of input voltages 18 for a corresponding output
voltage 20:

V,=(C*V, +D)*V, +B (eqn. 10)

il

According to one embodiment, as V, changes, the offset
voltage changes in accordance with Equation 10. For the
feedback compensation circuit 14 illustrated 1in FIG. 2A, the
line regulation circuit 22 generates an offset current to
provide the offset voltage determined by Equation 10. This
oifset current 1s determined as follows:

op=| Vo (1+R/R;1 ) Ry (eqn. 11),

where I, 1s the offset current, R, is the resistance of the
feedback resistor S0b, and R, 1s the resistance of the input
resistor S0a.

For the feedback compensation circuit 14 illustrated in
FIG. 2B, the line regulation circuit 22 also generates an
offset current to provide the offset voltage determined by
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Equation 10. However, the offset current for this embodi-
ment 1S determined as follows:

L=V, *(1/RA1R, +1/R ) (eqn. 12),

where R, 1s the resistance of the feedback resistor S0d, R,
1s the resistance of the first input resistor 30c¢, and R, 1s the
resistance of the second input resistor 50e.

FIG. 4A 15 a schematic diagram 1llustrating the feedback
compensation circuit 14 and the line regulation circuit 22 in
accordance with one embodiment of the present invention.
The line regulation circuit 22 comprises an oifset voltage
function 90. The offset voltage function 90 1s operable to
receive the mput voltage 18 and the reference voltage 44 and
1s configured to generate an offset voltage based on the 1input
voltage 18 and the reference voltage 44.

According to one embodiment, the offset voltage function
90 15 configured 1n accordance with the method of FIG. 4B.
However, 1t will be understood that the offset voltage
function 90 may be otherwise suitably configured without
departing from the scope of the present invention. Also,
according to one embodiment, the offset voltage function 90
1s operable to generate the offset voltage in accordance with
the method of FIG. 4C. However, 1t will be understood that
the offset voltage function 90 may otherwise suitably gen-
erate the offset voltage without departing from the scope of
the present mvention.

The feedback compensation circuit 14 comprises an adder
92 that 1s operable to receive the offset voltage from the
offset voltage function 90 and to receive the output voltage
20. Based on the offset voltage from the offset voltage
function 90 and the output voltage 20, the adder 92 generates
an output for the feedback compensation circuit 14, as
1llustrated.

FIG. 4B 1s a flow diagram 1illustrating a method for
configuring the line regulation circuit 22 to dynamically
regulate the step down power supply 12 1n accordance with
onc embodiment of the present invention. The method
begins at step 100 where an output voltage error 1s deter-
mined for the line regulation circuit 22. According to one
embodiment, the output voltage error 1s determined based on
Equation 5, above.

At step 102, an equation for calculating an offset voltage
1s determined based on the reference voltage and the output
voltage error determined in step 100. According to one
embodiment, the offset voltage equation comprises Equation
10, above.

In this way, an offset voltage equation may be determined
for the line regulation circuit 22. The line regulation circuit
22 may then be configured in accordance with the offset
voltage equation such that the mnput voltage 18 received by
the line regulation circuit 22 results 1n the appropriate offset
voltage being generated by the line regulation circuit 22 for
the feedback compensation circuit 14.

FIG. 4C 1s a flow diagram 1illustrating a method for
dynamically regulating the step down power supply 12 1n
accordance with one embodiment of the present 1nvention.
The method begins at step 104 where the line regulation
circuit 22 determines the offset voltage based on the 1nput
voltage 18 received at the line regulation circuit 22 and an
oifset voltage equation. According to one embodiment, the
offset voltage equation 1s determined in accordance with
step 102 of FIG. 4B. Thus, the line regulation circuit 22 may
determine the offset voltage based on the configuration of
the line regulation circuit 22, which 1s based on the offset
voltage equation, 1n conjunction with the mnput voltage 18.

At step 106, the line regulation circuit 22 provides an
oifset current to the feedback compensation circuit 14 based
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on the offset voltage determined 1n step 104. Accordmg to
the embodiment illustrated 1n FIG. 2A, the offset current

may be determined based on Equation 11, above. According
to the embodiment 1llustrated 1n FIG. 2B, the offset current

may be determined based on Equation 12, above. It will be
understood that the line regulation circuit 22 may provide
the offset current based on the configuration of the line

regulation circuit 22, which may be accomplished 1n accor-
dance with the method of FIG. 4B.

At decisional step 108, the line regulation circuit 22
determines whether or not the 1input voltage 18 has changed.
If the 1nput voltage 18 has not changed, the method follows
the No branch from decisional step 108 and returns to the
same step to monitor the input voltage 18 for a change.

If the mput voltage 18 has changed, the method follows
the Yes branch from decisional step 108 and returns to step
104 where a new offset voltage 1s determined based on the
new 1nput voltage. The method then continues to step 106
where the line regulation circuit 22 provides a new offset
current to the feedback compensation circuit 14 based on the
new ollset voltage determined 1n step 104 before monitoring
the mput voltage 18 for another change. In this way, the line
regulation circuit 22 may continuously monitor the input
voltage 18 1n order to dynamically generate an appropriate
offset voltage for the feedback compensation circuit 14.

FIG. 5 1s a schematic diagram illustrating details of the
step down integrated circuit 10 1n accordance with one
embodiment of the present invention. For this embodiment,
the input voltage 18 may vary from approximately 2.7 to 5.0
volts, the output voltage 20 may vary from approximately
1.8 to 3.3 volts, the reference voltage 44 1s approximately
0.891 volts, the 1input resistor S0a comprises approximately
2 k€, and the feedback resistor 50b comprises approxi-
mately 40 k€2. However, it will be understood that the step
down 1ntegrated circuit 10 may be otherwise suitably imple-
mented without departing from the scope of the present
invention.

Although the present invention has been described with
several embodiments, various changes and modifications
may be suggested to one skilled 1 the art. It 1s intended that
the present invention encompass such changes and modifi-
cations as fall within the scope of the appended claims.

What 1s claimed 1s:

1. A low gamn feedback compensation circuit on an
integrated circuit, the feedback compensation circuit
coupled to a step down power supply on the integrated
circuit, the step down power supply operable to receive an
input voltage and to generate an output voltage based on the
input voltage, the feedback compensation circuit comprising
a line regulation circuit operable to receive the input voltage
and a reference voltage and operable to generate an offset
voltage based on the mput voltage and the reference voltage,
the line regulation circuit comprising a current source.

2. A low gain feedback compensation circuit on an
integrated circuit, the feedback compensation circuit
coupled to a step down power supply on the integrated
circuit, the step down power supply operable to receive an
input voltage and to generate an output voltage based on the
input voltage, the feedback compensation circuit comprising
a line regulation circuit operable to receive the input voltage
and a reference voltage and operable to generate an offset
voltage based on the mput voltage and the reference voltage,
and further comprising:

an error amplifier coupled to the line regulation circuat;
the reference voltage coupled to the error amplifier; and
the line regulation circuit further operable to provide the

™

oifset voltage to the error amplifier.
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3. The circuit of claim 2, the error amplifier operable to
provide a gain of approximately 26 dB.

4. A low gain feedback compensation circuit on an
integrated circuit, the feedback compensation circuit
coupled to a step down power supply on the integrated
circuit, the step down power supply operable to receive an
input voltage and to generate an output voltage based on the
input voltage, the feedback compensation circuit comprising
a line regulation circuit operable to receive the input voltage
and a reference voltage and operable to generate an offset
voltage based on the input voltage and the reference voltage,
and further comprising a single feedback resistor and a
single mput resistor.

5. A low gain feedback compensation circuit on an
integrated circuit, the feedback compensation circuit
coupled to a step down power supply on the integrated
circuit, the step down power supply operable to receive an
input voltage and to generate an output voltage based on the
input voltage, the feedback compensation circuit comprising
a line regulation circuit operable to receive the 1input voltage
and a reference voltage and operable to generate an offset
voltage based on the input voltage and the reference voltage,
and further comprising a single feedback resistor and two
input resistors.

6. A system for dynamically regulating a step down power
supply, comprising:

a step down power supply on an integrated circuit, the
step down power supply operable to receive an input
voltage and to generate an output voltage based on the
input voltage; and

a low gain feedback compensation circuit on the inte-
orated circuit, the feedback compensation circuit
coupled to the step down power supply and operable to
receive the mput voltage, the feedback compensation
circuit comprising a line regulation circuit operable to
receive the mput voltage and a reference voltage and

operable to generate an offset voltage based on the
input voltage and the reference voltage.

7. The system of claim 6, the line regulation circuit
comprising a current source.

8. The system of claim 6, the feedback compensation
circuit further comprising an error amplifier coupled to the
line regulation circuit, the reference voltage coupled to the
error amplifier, and the line regulation circuit further oper-
able to provide the offset voltage to the error amplifier.

9. The system of claim 8, the error amplifier operable to
provide a gain of approximately 26 dB.

10. The system of claim 6, the feedback compensation
circuit further comprising a single feedback resistor and a
single mput resistor.

11. The system of claim 6, the feedback compensation
circuit further comprising a single feedback resistor and two
input resistors.

12. A method for dynamically regulating an output volt-
age for a step down power supply, comprising:

providing a reference voltage to an error amplifier for a
low gain feedback compensation circuit, the feedback
compensation circuit comprising a line regulation cir-
cuit;

receiving the reference voltage at the line regulation
circuit;

rece1ving a first mput voltage at the line regulation circuit;

providing a first offset voltage to the error amplifier based
on the first input voltage and the reference voltage;
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receiving a second input voltage at the line regulation
circuit, the second mput voltage different from the first

input voltage; and

providing a second offset voltage to the error amplifier
based on the second input voltage and the reference

voltage.
13. The method of claim 12, the feedback compensation
circuit further comprising a single feedback resistor and two

Input resistors.
14. The method of claim 12, the line regulation circuit

comprising a current source.
15. The method of claim 12, further comprising;:

determining an output voltage error for the line regulation
circuit; and

determining an offset voltage equation based on the
reference voltage and the output voltage error.

5
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16. The method of claim 15, further comprising;:

determining the first offset voltage based on the first input
voltage, the reference voltage, and the offset voltage
equation; and

determining the second offset voltage based on the second

input voltage, the reference voltage, and the offset
voltage equation.

17. The method of claim 15, the reference voltage
approximately the same as the output voltage.

18. The method of claim 12, the feedback compensation
circuit further comprising a single feedback resistor and a
single mput resistor.

19. The method of claim 12, further comprising providing
a gain for the feedback compensation circuit of approxi-

mately 26 dB with the error amplifier.
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